In this paper, a generalized logistic regression model for correlated observations is used to analyze epidemiologic data on the frequency of spontaneous abortion among a group of women office workers. The results are compared to those obtained from the use of the standard logistic regression model that assumes statistical independence among all the pregnancies contributed by one woman. In this example, the correlation among pregnancies from the same woman is fairly small and did not have a substantial impact on the magnitude of estimates of parameters of the model. This is due at least partly to the small average number of pregnancies contributed by each woman.
Introduction
Epidemiologic studies of pregnancy outcome may focus on one or several adverse health effects, including spontaneous abortion, stillbirth, lowered birth weight, malformations, and developmental abnormalities. Some of these outcomes are dichotomous (i.e., malformation: present or absent); others can be measured on a continuous scale (i.e., birth weight). Sometimes the epidemiologist will transform an outcome variable measured on a continuous scale to be a dichotomous outcome variable (i.e., birth weight < 2500 g: yes or no).
The epidemiologist is usually interested in examining the association of the dichotomous outcome variable with a number of potential risk factors, while controlling for the effects of known risk factors. The need to examine simultaneously the effects of many risk factors makes it necessary to conduct a multivariate statistical analysis of the data (1) .
In analyzing pregnancy outcomes, attention is restricted to those women who have experienced at least one pregnancy. Of course, this analysis strategy is not designed to examine the effects of exposure on the fertility of the study population, which could be addressed using other methods (2) .
Data are usually collected for each of the pregnancies experienced by each of the women included in the study. Depending on the group being studied, the number of pregnancies experienced by each woman could range from 1 to some number such as 9 or Some researchers have restricted their analysis to only one pregnancy from each woman; the most recent pregnancy is usually selected. Though the assumptions of the statistical model are met by this restricted data set, there is obviously a substantial loss of information and, therefore, statistical power. Other researchers have chosen to ignore the clustering and treat the observations as independent. These researchers might argue that the effect of the correlation is relatively small since (a) the magnitude of the correlation among pregnancies from the same woman is small and (b) the average number of pregnancies contributed by each woman is relatively low. Alternatively, researchers have used all the pregnancies experienced by all the women but have included the outcomes of a woman's previous pregnancies as a predictor variable for the outcome of her subsequent pregnancies. For example, a predictor variable for whether a woman's second pregnancy resulted in a spontaneous abortion would be whether or not her first pregnancy had resulted in a spontaneous abortion. This approach is similar to that often taken in time-series analysis and is designed to control for the effects of women whose pregnancies have a high probability of aborting.
At this meeting, a number of adjustments in the standard statistical models for the analysis of correlated data from animal teratogenicity studies have been discussed by Chinchilli and Clark (3) and might be considered for use with epidemiologic data. However, in the standard teratogenicity experiment there are no pregnancy-level (or fetus-level) predictors, only woman-level (or dam-level) predictors. It is also usually the case in epidemiologic studies that the pregnancylevel predictors are of particular interest. Thus, extensions of these statistical models are necessary to analyze epidemiologic data.
The question addressed in this paper is the magnitude of the effect of ignoring this correlation among pregnancies from the same woman. The results of a multivariate statistical analysis using the standard logistic regression model, which assumes independence of all the observations, is compared to the results obtained from a model recently proposed by Rosner (4) for the analysis of correlated dichotomous outcome data. The empirical comparison presented here uses data recently collected on the outcomes of pregnancies of women employed in clerical and administrative support jobs by the state of Michigan (5). Computer software to perform the estimation and hypothesis testing is available from Dr. Rosner.
Logistic Regression Model Independent Data
For simplicity, the logistic regression model is first presented for the special case in which there are only two pregnancy-level predictors and a single womanlevel predictor. For purposes of explanation, smoking and alcohol consumption will be the two pregnancylevel predictors and race will be the single woman-level predictor. All three variables will be dichotomous. The outcome variable is whether or not the pregnancy resulted in a spontaneous abortion. (5) . The identification of risk factors for spontaneous abortions and stillbirths was one of the primary purposes of the study.
All women who indicated on the health questionnaire that they had experienced at least one pregnancy since January 1, 1980 The expected value for a women's probability of aborting a pregnancy is P, and the variance among these probabilities can be high or low depending on the value of r.
The parameter r serves the same role as the intralitter correlation coefficient in animal teratogenicity studies (7) and the same role as the intracluster correlation This would result in a loss of statistical power; the magnitude of the loss in power would be greater if there is only a small correlation among the pregnancies from the same woman. Simple descriptive statistics for this group of pregnancies are presented in Table 2 . The risk of a spontaneous abortion increases with age and birth order, is higher for those who smoke tobacco and drink alcohol, is greater for those with more education, and does not appear to depend on race. All of these associations, except for education, have previously appeared in the literature (10) . Strictly speaking, standard chi-square tests are not appropriate for these data because of the correlation resulting from the pregnancies from the same women. For comparison purposes, it is useful to know that the standard chisquare tests are significant for all these positive associations.
The correlations (11) between outcomes of pregnancies from the same woman are all fairly small and comparable to those reported from the animal teratogenicity studies (Table 3) . Explicitly incorporating the correlation of pregnancies from the same woman in the model is thus not expected to have a large effect on the estimation of the variance of the parameter estimates in the logistic regression model.
A comparison of the parameter estimates for the logistic regression models indicates that the correlation has very little effect on parameter estimation or hypothesis testing (Table 4) . Indicator The correlation among pregnancies from the same woman is low and is comparable to that reported in animal teratogenicity studies. The low correlation among pregnancies from the same woman and the low average number of pregnancies contributed by each woman are the reasons why the correlation does not have a large effect on the estimation and testing.
However, the correlation among pregnancies may have a greater effect if the average number of pregnancies contributed by each woman is large. This issue is currently being examined in the state of Michigan data set.
